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COMMUNICATIONS RECEIVED FROM MEMBER STATES
REGARDING THE EXPORT OF NUCLEAR MATERIAL
AND OF CERTAIN CATEGORIES OF EQUIPMENT
AND OTHER MATERIAL

1. The Director General has received letters concerning the export of nuclear material
and of certain categories of equipment and other material from the following Resident
Representatives to the International Atomic Energy Agency: a letter dated 28 February 1994
from the Resident Representative of France; letters dated 1 March 1994 from the Resident
Representatives of Australia, Austria, Bulgaria, Canada, the Czech Republic, Denmark,
Finland, Germany, Greece, Hungary, Ireland, Japan, Luxembourg, Netherlands, Norway,
Poland, Portugal, Spain, Sweden, the United Kingdom of Great Britain and Northern Ireland,
and the United States of America; and a letter dated 22 March 1994 from the Resident
Representative of Romania.

2. In the light of the wish expressed at the end of each letter, the text of the letters is
attached hereto.
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LETTER

I have the honour to refer to [relevant previous communication(s)] from the
Resident Representative of [Member State] to the International Atomic Energy
Agency.

In the years since the procedures described in INFCIRC/209 were
formulated for the export of certain categories of equipment and material
especially designed or prepared for the processing, use or production of
special fissionable material, developments in nuclear technology have
brought about the need to clarify parts of the Trigger List originally
incorporated in Memorandum B of INFCIRC/209. Such clarifications have
been covered in INFCIRC/209/Mods.1, 2 ,3 and 4 (consolidated in
INFCIRC/209/Rev.1) and in INFCIRC/209/Rev.1/Mod. 1.

My Goverment now thinks it desirable further to clarify those parts of the
Trigger List which refer to equipment especially designed or prepared for the
separation of isotopes of uranium; and to primary coolant pumps. I
therefore wish to inform you that the existing sections 1 and 5 of the Annex
to INFCIRC/209/Rev.1 (Clarification of Items on the Tigger List) should be
replaced by the text set out in the attachment to this letter.

As hitherto, my Government reserves to itself the right to exercise discretion
with regard to the interpretation and implementation of the procedures set out
and the right to control, if it wishes, the export of relevant items other than
those specified in the aforementioned attachment to this letter.

[The Government of (Member State), so far as trade within the European
Union is concerned, will implement these procedures in the light of its
commitments as a Member State of that Union]'

I should be grateful if you would circulate the text of this letter and its
attachment to all Member States for their information.

' This paragraph is included only in the letters sent by the Governments of Belgium,
Denmark, France, Germany, Greece, Ireland, Italy, Luxembourg, Netherlands, Portugal,
Spain, and the United Kingdom of Great Britain and Northern Ireland.
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ANNEX
CLARIFICATION OF ITEMS ON THE TRIGGER LIST
(AS DESIGNATED IN SECTION 2 OF MEMORANDUM B)

Reactors ana equipment therefor

Complete nuciear reactors

Nuciear reactors capable or cgeration sc as {0 maimain a ccmrolled seif-sustaining fission
chain reaction. exciluding zero energy reactors, the latter being cetined as reactors wrh a
designed maxumum rate of proguction ot plutonum not exceedaing 100 grams per year.

EXPLANATORY NOTE

A “nuciear reactor” basically inciuges e Ilems winin or afacned directy © e reacor vessel. Me equpment which
conyels the level of power In he core. and the COMECNent WNICh normaily Contain or Come IN girect contact with or
contol the pnmary coglant of the reaswor core.

it is not Intandad o exciude reactors which colid reasonanly be canaple of modificaton o produce significantdy more
than 100 grams of plutorium per year. Reactors gesigned for sustained operagon at signiMcant power isvels, regardiess
of their casacity Of DIUIDNILM DroCUCION, are NOT CONSICAred as ‘Z&T 8Nergy reactors”.

EXPORTS

The export of the wnola set of major it8ms within tis boundary wil 2ke piace only in accordance with Te procadures of
the Guidelines. Those individual items within this funcuonally definea boundary whnich will be exponed ony in
accorcanca with the proceaures of the Guidslines are usted in paragrapns 1.2 1o 1.7. The Govermment reserves 118
nght to appty the proceaures of the Guidsiines © cmer itams withn he funcuonally defined bounaary.

Reactor pressure vessels

Metal vessels. as complete units or as major shop-fabricated parts therefor. which are
especially designed or prepared to ccniain the core of @ nuciear reactor as defined in
paragrapn 1.1. above ana are capable of withstanaing the operating pressure of the prnimary

coolant.

EXPLANATCRY NOTE
A top piate for a reactor Cressure Vesssl is covereg by tem 1.2, as a maicr shop-1abncated part of 3 pressure vessal,

Seacwer intermais (eg support coiUMNsS ang olates or Me core and omer vesse! INBMAls. contol md guids tbes.
thermar shieids. oarfles. core anc plates, cifuser piates, etc.) are normaily suppliea by the reactor suppher. in some
cases. certain Ntemal sUDPOr COMpONENtsS are Inciuced N Ma labncaten of the pressure vVessel, 1hese Bms are
suthaenty cnucal o the salety ana renabiity of the coeragon of the reactor (ana, Meretors. [0 M8 guarantees and
iability of the reactor supplier), so that their sucply, Julside e basic suosly arangement for Me reacor Mseil. wowld nat
be ccmmon practcs. Therefore. although e secarals SUDRNY of Tiese uniqus. escecally designed and prepared.
crneal, large ana expensive 1lems would not necessaniy be consicerea as falling cutsice the area of concam. suan a

TIOge Of SUDPrY IS consideraa unikeny.

Reactor fuel charging and discharging machines

Manipulative equipment especially designea or prepared for inserung or remaving fuel in a
nuctear reacter as defined in paragrapn 1.1. above capable of on-load operation or empioyIng
technically sopmusticated posmioning or alignment features to allow compiex off-load fuelling
gperations such as those in which direct viewing ot or access ¢ the fuel is nct nommally

avatliable.



1.4.

1.6.

1.7

5.

&1

5.1

Aeactor control rods

Rods especially cesignea or preparea for the contror of the reaction rate in a nuclear reactor
3s gelined in paragrapn 1.1. acove.

ZXPLANATCRY NOTE

"his item inciuges. in agditon 16 the neutran acsarcing part, e suppeort of SUSDeNsICn sUuctures merefor It suppued
“eoararely

Reactor pressure tubes

Tubes which are especially designea or crepared to comain fuel elements and the pnmary
coolant In a reactor as defined in paragrapn 1.1. above at an cperating pressure in excess of
5.1 MPa (740 psi).

Zirconium tubes

Zirconium metal and alloys in the form of tubes or assemblies of tubes, and in quantities
exceeding 500 kg in any period of 12 months, especially designed or prepared for use in a
reactor as defined in paragraph 1.1. above, and in which the reiaticn of hafnium to zirconium

is less than 1:500 parts by weight.

Primary coolant pumps

Pumps especially designed or prepared for circulating the primary coolant for nuclear reactors
as defined in paragraph 1.1. above.

EXPLANATCRY NOTE

Especially designed or prepared pumps may inciude eiaborats sealed or muit-seaied systems to prevent leakage of
pnmary coolant. canned-driven pumps, and pumps with inertial mass systems. This definiion encompasses pumps
certfied to NC-1 or equivalent standards,

Plants for the separation of isotopes of uranium and equipment, other
than analytical instruments, especially designed or prepared therefor

ltems of equipment that are considered to fall within the meaning of the phrase "equipment,
other than analytical instruments. especially designed or prepared” for the separation of

isotopes of uranium include:

Gas centrifuges and assemblies and components especiaily designed or prepared for
use in gas centrifuges
INTRODUCTORY NOTE

The gas centifuge normally consists of a tnin-wallea cylindar(s) of between 75 mm (3 in) ana 400 mm (16 in) dameter
contuned in @ vacuum environment and spun at high panpheral speea of the oraer of 300 mys or more with (ts cantral
axs vertcal. In order to achieve high speea the matenals of constucton for the rotanng components have t be of a
high sTengm to density ratio and the rotor assemoly, and hence Its inavidual components, have to be manutactured o
very close tolerances in orger (o mimmize e unoalance. In contrast to other centfuges. the gas centrifugs for uranum
ennchment 1S characlenzed by having within the rotor chamber a roming disc-shaped baftie(s) and a stagonary wbe
arrangement for feeaing and exracung the UF, gas and featunng at least 3 separate channels, of which 2 are
connectsd 10 SCOOPS exienaing from e rotor axs towaras the penonery of the rotor chamber. Alsa contamed within the
vacuum environment are a numoer of criteal items wnich do not rotate and which althougn they are especally designed
are nat aifficult to tabncate nor are Mey tabricated cut of unique mamnais. A cenmiuge faclity howeved requres a large
numoer of these components, SO Nat guanttes can orovide an IMportant indicaton of end use.

Rotating components

(a) Complete rotor assemblies:

Thin-walled cylinders. or a number of interconnected thin-walled cylinders. manufactured from
one or more of the high strength to density ratio matenals descnbed in the EXPLANATORY NOTE
to this Section;

. .



It interconnectea. the cylinaers are joineg togetner by flexibie bellows or rings as described I
section 5.1.1.(c; following. The rotor is fitted with an internal baffle(s) and end caps. as
descnbea in secuon £.1.1.(c) and (e) following, if in final form. However the complete
assembly may be deliverea only partly assembled.

(b) Rotor tubes:

Especially designed or prepared thin-walled cylinders with thickness of 12 mm (0.5 in) or less.
a ailameter of between 7S mm (3 in) ana 400 mm (16 in), and manuractured from one or mere
ot the high strength to censity ratio matenals descnoed In the EXPLANATCRY NOTE to this

Section.
(c) Rings or Bellows:

Components especially designed or prepared to give localized support to the rotor tube or to
join together a number of rotor tubes. The tellows is a short cylinder of wail thickness 3 mm
(0.12 in) or less, a diameter of between 75 mm (3 in) and 400 mm (16 in), having a convolute,
and manufactured from one of the high strength to density ratio materials described in the

EXPLANATORY NOTE to this Section.
(d) Baffles:

Disc-shaped components of between 75 mm (3 in) and 400 mm (16 in) diameter especially
designed or prepared to be mounted inside the centrifuge rotor tube, in order to isolate the
take-off chamber from the main separation chamber and, in some cases, to assist the UF,
gas circulation within the main separation chamber of the rotor tube, and manutactured from
one of the high strength to density ratio materials described in the EXPLANATORY NOTE to this

Section.
(e) Top caps/Bottom caps:.

Disc-shaped components of between 75 mm (3 iny and 400 mm (16 in) diameter especially
designed or prepared to fit to the ends of the rotor tube, and so contain the UF, within the
rotor tube, and in some cases to suppont, retain or contain as an integrated part an element of
the upper bearing (top cap) or to carry the rotating elements of the motor and lower bearing
(bottom cap), and manufactured from one of the high strength to density ratioc matenials
described in the EXPLANATORY NOTE to this Section.

EXPLANATORY NOTE
The matenals used for centrituge rotating compeonents are:
(a) Maraging steel capable of an ultimate tensile strength of 2.05.10* N/m? (300,000 psi) or more;

{(b)  Aluminium alloys capabie of an ulimate tensiie strangth of 0.46.10° N/m? (67,000 psi) or more:

(¢)  Filamentary materials suitadle for use in composite structures and having a specific modulus of 12.3-10° m cor
greater and a specific ultmate tensile strength of 0.3.10° m or greater ('Specific Modulus' is the Young's Modulus in N/m?
divided by the specfic waight in Nvm®; ‘Specific Ultimate Tensile Srength’ is the ulimate tensile srength in N/m? divided
by the specific weight in N/m~),

Static components
(@) Magnetic suspension bearings:

Especially designed or prepared bearing assemblies consisting of an annuiar magnet
suspended within a housing comaining a damping medium. The housing will be manufactured
from a UF,-resistant matenal (see EXPLANATORY NOTE to Section 5.2.). The magnet couples
with a pole piece or a second magnet fitted to the top cap described in Section 5.1.1.(e). The
magnet may be ring-shaped with a relation between outer and inner diameter smaller or equal
to 1.6:1. The magnet may be in a form having an intial permeability of 0.15 H/m (120,000 in
CGS units) or more. or a remanence of 98.5% or more, or an energy product of greater than
80 kJ/m® (10’ gauss-cersteds). In addition to the usual material properties. it is a prerequisite
that the dewviation ot the magnetic axes from the geometrical axes is limited to very small
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tolerances (lower than 0.1 mm or 0.004 in) or that homogeneity of the matenal of the magnet
is specially cailed for.

(b) BearingsyDampers:

Especially designed or preparea bearnngs compnsing a pivovcup assembly mounted on a
damper. The pivot is normally a haraened steel shaft with a hemisphere at one end wnh a
means of attachment to the bottom cap descnbed in section 5.1.1.(e) at the other. The snaft

may however have a nydrogynamic beanng attached. The cup is pellet-shaped wnh a
hemispherical incentation 1n one surace. These components are onen suppliea separately 10

the damper.
(c) Molecular pumps:

Especially designed or prepared cylinders having intemally machined or extruded helical
grooves and internally machined bores. Typical dimensions are as follows: 75 mm (3 in) to
400 mm (16 in) internal diameter, 10 mm (0.4 in) or more wall thickness with the length equal
to or greater than the diameter. The grocves are typically rectangular in cross-section and 2
mm (0.08 in) or more in depth.

(d) Motor stators:

Especially designed or prepared ring-shaped stators for high speed muitiphase AC hysteresis
(or reluctance) motors for synchronous operation within a vacuum in the frequency range of
600 - 2000 Hz and a power range of 50 - 1000 VA. The stators consist of multi-phase
windings on a laminated low loss iron core comprised of thin layers typically 2.0 mm (0.08 in)

thick or less.
(e) Centnfuge housing/recipients

Compoenents especially designed or prepared to comain the rotor tube assembly of a gas
centrifuge. The housing consists of a rigid cylinder of wall thickness up to 30 mm (1.2 in) with
precision machined ends to locate the bearings and with one or more flanges for mounting.
The machined ends are parallel to each other and perpendicular to the cylinder's longitudinal
axis to within 0.05 degrees or less. The housing may alsc be a honeycomb type structure to
accomodate several rotor tubes. The housings are made of cr protected by matenals resistant

to corrosion by UF,
(fy Scoops

Especially designed or prepared tubes of up to 12 mm (0.5 in) internal diameter for the
extraction of UF, gas from within the rotor tube by a Pitot tube action (that is, with an aperture
facing into the circumferential gas flow within the roter tube, for example by bending the end
of a radially disposed tube) and capabie cf being fixed to the central gas extraction system.
The tubes are made of or protected by matenals resistant to corrosion by UF,.

Especially designed or prepared auxiliary systems, equipment and components for
gas centrifuge enrichment plants

INTRODUCTCRY NCTE

The auxiliary systems. equipment anc compenents ‘or 3 gas cenmfuge ennchment plant are the systems of plant
needed lo feed UF; to the cenmfuges, 1o link the inarvidual cenmfuges to each other to form cascades (or stages) o
allow tor progressively highar enrichments and 10 exract the ‘product and 'taiis' UF, from the cenmnfuges. logether with
the equipment required 10 drive the centnfuges or o cenrol the plant.

Normally UF, is evaporated from tne solid using heated autociaves and is distnibuted in gaseaus form fo the centifuges
by way of cascade header pipework. The ‘product ana ‘talls' UF, gaseous streams Howing from he canmfuges are aiso
passed by way of cascade header pipework [0 cold raps (operaung at about 203 K (-70°C)) wnere they are condensad
prier to onward transter into suitable containers for ransportaton or storage. Becausa an enrichment plant consists of
many tousands of centnfuges arranged in cascades there are many kilometsrs of cascade hsacer pipework,
incorporatng thousands of welds with a substanual amount of repetton of layout The equipment components and
PIPING Systems are fabricatad 1o very nigh vacuum and cleaniiness standarads.



S.2.1.

5.2.2.

5.2.3.

5.2.4.

Feed systems/product and tails withdrawal systems
Especially designed or prepared process systems inciuding:

Feed autoclaves (or stations), used for passing UF, to the cemnfuge cascades at up to
100 kPa (15 psi) ana at & rate of 1 kg/n or more:

Desublimers (or cold traps) used to remove UF, from the cascades at up to 3 kPa (0.5
psi) pressure. The desuplimers are capable of being chilled tc 203 K (-70°C) ana heated
to 343 K (70°C);

Product’ and 'Tails' stations used for trapping UF. into containers.

This plant, equipment and pipework is wholly made of or lined wnth UF,-resistant matenals
(See EXPLANATORY NOTE to this secticn) ana is fabricated to very high vacuum and cleanliness
standards.

Machine header piping systems

Especially designed or prepared piping systems and header systems for handling UF, within
the centrifuge cascades. The piping network is normally of the ‘triple' header system with
gach cemtrifuge connected to each of the headers. There is thus a substantial amount of
repetition in its form. It is wholly made of UF¢-resistant materials (See EXPLANATORY NOTE o
this section) and is fabricated to very high vacuum and cleanliness standards.

UF, mass spectrometers/ion sources

Especially designed or prepared magnetic or quadrupole mass spectrometers capable of
taking 'on-line' samples of feed, product or tails, from UF, gas streams and having all of the
following characteristics:

1. Unit resolution for atomic mass unit greater than 320;

2. lon sources constructed of or lined with nichrome or monel or nickel plated;
3. Electron bombardment ionization sources;

4. Having a collector system suitable for isotopic analysis.

Frequency changers

Frequency changers (also known as converters or invertors) especially designed or prepared
to supply motor stators as defined under 5.1.2.(d), or parts, components and sub-assemblies
of such frequency changers having ali of the following characteristics:

1. A muitiphase output of 600 to 2000 Hz;

2. High stabiiity (with frequency control better than 0.1%);
3. Low harmonic distertion (less than 29%); and

4.  An efficiency of greater than 80%.

EXPLANATORY NOTE

The items listed above either come Into direct contact with the UF, process gas or cirectly control the centnfuges and
the passage of the gas from centrifuge (o centrituge ana cascade to cascade.

Materials resistant to corresion by UF, indude stainiass steel, aluminum, alumimum ailoys, nickal or alloys containing
80% or maore nicksl.



8.3.1.

53.2

5.3.3.

5.34.

5.3.5.

Especially designea or prepared assemblies and components for use in gaseous
diffusion enrichment

iINTRCDUCTQRY NOTE

‘n the gaseous aiffusion methed of uranium isclope separaton. Me main technciogical assembly s 3 special porous
gassous diffusian barner. Neatl exchanger for cooling N8 Gas (which IS neaisd Cy Me Procass ¢of compression), sedl
Yalves and controf vaivas, and oipelines. Inasmucn as gaseous aiffusion technoicgy uses uranium nexatucnde (UF),
all equipment. pipeline and iINsrumentagon surtacas (that come in centact with the gasi must be made of matenals that
ramain stable in contact with UF.. A gasecus aitfusion 1acility requires a numoer of Nese assemolies, 50 Nat guanutes
<an provide an imporant indicagon ¢f end use.

Gaseous diffusion barriers

(a) Especially designed or prepared thin. porous filters, with a pore size of 100 - 1,000 A
(angstroms), a thickness of 5 mm (0.2 in) or less, ana for tubular forms, a diameter of 25 mm
(1in) or less, made of metallic, polymer or ceramic matenals resistant to corrosion by UF,,

and

(o) especially prepared ccmpounds or powders for the manufacture of such filters. Such
compounds and powders include nickel or alloys containing 60 per cent or more nickel,
aluminium oxide. or UFg-resistant fully fluorinated hydrocarbon polymers having a purity of
99.9 per cent or more, a particle size less than 10 microns, and a high degree of particle size
uniformity, which are especially prepared for the manufacture of gaseous diffusion barriers.

Diffuser housings

Especially designed or prepared hermetically sealed cylindrical vessels greater than 300 mm
(12in) in diameter and greater than 900 mm (35 in) in length, or rectangular vessels of
comparable dimensions, which have an inlet connection and two- outlet connections all of
which are greater than 50 mm (2 in) in diameter, .for containing the gaseous diffusion barrier,
made of or lined with UF,-resistant materials and designed for horizontal or vertical
installation.

Compressors and gas blowers

Especially designed or prepared axial, centrifugal, or positive displacement compressors, or
gas blowers with a suction voiume capacity of 1 m*min or more of UF,, and with a discharge
pressure of up to several hundred kPa (100 psi), designed for long-term operation in the UF,
environment with or without an electrical motor of appropriate power, as well as separate
assemblies of such compressors and gas blowers. These compressors and gas blowers have
a pressure ratio between 2:1 and 6:1 and are made of, or lined with, materials resistant to

UF!.

Rotary shaft seals

Especially designed or prepared vacuum seals, with seal feed and seal exhaust connections,
for sealing the shaft connecting the compressor or the gas blower rotor with the driver motor
so as to ensure a reliable seal against in-leaking of air into the inner champer of the
compressor or gas blower which is filled with UF,. Such seals are normally designed for a
buffer gas in-leakage rate of less than 1000 cm¥min (60 in®/min).

Heat exchangers for cooling UF,

Especially designed cor prepared heat exchangers made of or lined with UFg-resistant
matenals (except stainless steel) or with copper or any combination of those metals, and
imtended for a leakage pressure change rate of less than 10 Pa (0.0015 psi) per hour under a
pressure difference of 100 kPa (15 psi).

- 1€ i@



5.4

5.4.1.

54.2.

54.3.

Especially designed or prepared auxiliary systems, equipment and components for
use in gaseous diffusion enrichment

INTRODUCTORY NQOTE

The auxihary systems, squipment ang components for gaseous aiffusion enricnment plants are the systems of piant
neeged Ic teed UF. (o the gasecus aiffusion assemoiy. I ink Me inavidual assemblies (0 each omher (o-torm cascades
|Qr stagas) o alow lor progressively higher snnchments and to extract the “product” ana “tails® UF, from the aitfusion
cascades. Because ol the nigh inerlial properues of ¢ifusion cascades, any interruption In their operanon, and espacially
‘hewr shut-down. leads o serous conseguences. Therelore. a stict and constant mantenance of vacuum in all
lechnological systems. automatc profection Irom accidents. and crecise automatea regulaton of the gas tlow s of
/mpartance in a gaseous diffusion plant. All'this leads to 3 need 10 equip the plant with a large numper of specal
measuring, requiatng and contreliing systems.

Normally UF, is evaocrated from cyinders placed within autociaves ana is distributed in gaseous fomm to the entry paint
by way of cascade header pipeworx. Tha “product” ana Tails™ UF; gaseous steams fiowing from @xt points are passed
by way of cascade header pipework 10 either cold traps or to compression stations wnere the UF, gas s liquafied pror
o enward transfer into suitable containers for ransporaton or storage. Because a gaseous diffusion ennchment plant
consists of a large number of gaseous diffusion assemblies arranged in cascades, there are many kilometers of
cascade header pipework, incorporatng thousands of wekls with substantal amounts of repettion of layout The
equipment, components and piping systems are fabncated to very high vacuum and cleanliness standards,

Feed systems/product and tails withdrawal systems
Especially designed or prepared process systems, capable of operating at pressures of 300
kPa (45 psi) or less. including:
Feed autoclaves (or systems), used for passing UF, to the gaseous diffusion cascades;
Desublimers (or cold traps) used to remove UF, from diffusion cascades;
Liquefaction stations where UF, gas from the cascade is compressed and cooled to form
liquid UF,;
"Product” or "tails" stations used for transferring UF; into containers.

Header piping systems

Especially designed or prepared piping systems and header systems for handling UF, within
the gaseous diffusion cascades. This piping network is normally of the "double” header
systemn with each cell connected to each of the headers.

Vacuum systems

(a) Especially designed or prepared iarge vacuum manifolds, vacuum headers and vacuum
pumps having a suction capacity of 5 m*min (175 #¥min) or more.

(b) Vacuum pumps especiaily designed for service in UFs-bearing atmospheres made of, or
lined with, aluminium. nickel. or alloys bearing more than 60% nickel. These pumps may be
etther rotary or postive, may have displacement and fluorocarbon seals. and may have
special working tluids present.

Special shut-off and control valves

Especially designed or prepared manual or automated shut-off and control bellows valves
made of UF;-resistant matenals with a diameter of 40 to 1500 mm (1.5 to 59 in) for installation
In main and auxtliary systems of gaseous diffusion enrichment piants.

~1



5.4.5. UF, mass spectrometers/ion sources

5.5.

o
e
—d

Especially designed or prepared magnetic or quadrupcle mass spectrometers capable of
taking "on-line” sampies of feed, product or tails, from UFs gas streams and having all of the
following characteristics:

1. Unit resolution for atomic mass unit greater than 320;

2. lon sources constructed of or lined with nichrome or monel or nickel plated:
3.  Electron bombardment ionization sources;

4. Collector system suitable for isotopic analysis.

EXPLANATORY NOTE

The items listad above sither come into direct contact with the UF, process gas or directly control the fiow within the
cascade. All surfaces which come into contact with the process gas are wholly made of, or lined with, UF,-resistant
materials. For the purpeses of the sections relating to gaseous diffusion items the matenais resistant to corrosion by UF,
include stainless steel, aluminium, aluminium alloys, aluminium oxids, nickel or alloys containing 60% or more nickel and
UF-resistant fuily fiuorinated hydrocarbon polymers.

Especially designed or prepared systems, equipment and components for use in
aerodynamic enrichment plants.

INTRODUCTORY NOTE

In aerodynamic enrichment processes, a mixture of gaseous UF, and light gas (hydregen or helium) is compressed and
then passad through separating: elements wherein isotopic separation is accomplished by the generation of high
centrfugal forces over a curved-wail geometry. Two procasses of this type have been successfully developed: the
separation nozzie process and the vortex tube process. For both processes the main components of a separation stage
include cylindrical vessels housing the special separation elemants (nozzles or vortex tubes), gas compressors and
heat exchangers to remaove the heat of compression. An asrodynamic plant requires a number of these stages, so that
quantities can provide an important indication of end usa. Since aerodynamic processes uss UF,, all aquipment, pipsiine
and instumentation surfaces (that come in contact with the gas) must be made of matenals that remain stable In contact
with UF,,

CAPLANATORY NOTE

The items listad in this section either come into direct contact with the UF, process gas or directly control the fiow within
e cascade. All surfacas which come into contact with the process gas are wholly mace of or protectad by UF,
resistant matarials. For the purposes of tha secton relating 1o asrodynamic enrichment items. the mamrials resistant o

nickel and UF -resietant fully fluorinated hydrocarbon polymers

Separation nozzles

Espacially designed or prepared separation nozzies and assemblies thereof. The separation
nozzies consist of slit-shaped. curved channels having a radius of curvature less than 1 mm
(typically 0.1 to 0.05 mm), resistant to corrcsion by UF, and having a «nife-edge within the
nozzie that separates the gas fiowing through the nozzle into two fractions.

Vortex tubes

Especially designed or prepared vonex tubes and assemblies thereof. The vornex tubes are
cylindrical or tapered, mace of or protected by materiais resistant to corresion by UF,, having
a diameter of between 0.5 cm and 4 ¢m, a length to diameter ratio of 20:1 or less and with
one or more tangential iniets. The tubes may be equipped with nozzle-type appendages at
either or both ends.

EXPLANATORY NOTE

The faec gas enters the vortex tube tangentally at one end or through swirl vanes ar at numerous tangental positons
along the periphery of the tube.



§.5.3.

5.5.4.

§.5.5.

5.5.6.

5.5.7.

5.5.8.

Compressors and gas biowers

Especially designed or prepared axial, centrifugal or posttive displacement compressors or
gas blowers made of or protected by matenals resistant to corrosion by UF, and with a
suction volume capacity of 2 m¥min or more of UF Jcarrier gas (hydrogen or helium) mixture.

EXPLANATCRY NCTE

These compressors and gas blowars typically have a pressure rato between 1.2:1 anc 6.1,

Rotary shaft seals

Especially designed or prepared rotary shaft seals, with seal feed and seal exhaust
connections, for sealing the shaft connecting the compressor rotor or the gas blower rotor
with the driver motor so as to ensure a reliable seal against out-leakage of process gas or in-
leakage of air or seal gas into the inner chamber of the compressor or gas blower which is
filled with a UF Jcarrier gas mixture.

Heat exchangers for gas cooling

Especially designed or prepared heat exchangers made of or protected by materials resistant
to corrosion by UF,.

Separation element housings

Especially designed or prepared separation element housings, made of or protected by
materials resistant to corrosion by UF,, for containing vortex tubes or separation nozzles.

EXPLANATORY NOTE

These housings may be cylindrical vesseis greater than 300 mm in diameter and greater than S00 mm in length, or may
be rectanguiar vessals of comparable dimensions, and may be designed for horizontal or vertical instaiiation,

Feed systems/product and tails withdrawal systems

Especially designed cr prepared process systems or equipment for enrichment plants made
of or protected by materials resistant to corrosion by UF,, including:

(a) Feed autoclaves, ovens, or systems used for passing UF, to the enrichment process;

(b) Desublimers (or cold traps) used to remove UF, from the enrichment process for
subsequent transfer upon heating;

(c) Solidification or liquefaction stations used to remove UF, trom the enrichment process by
compressing and converting UF, to a liquid or solid form; :

(d) ‘Product’ or ‘tails' stations used for transferring UF; into containers.

Header piping systems

Especially désigned or prepared header piping systems, made of or protected by materials
resistant to corrosion by UF,, for handling UF, within the aerodynamic cascades. This piping
network is normally of the 'double’ header design with each stage or group of stages
connected to each of the headers.



5.5.8.

5.5.10.

5.5.11.

5.5.12.

5.6.

Vacuum systems and pumps

(a) Especially designed or prepared vacuum systems having a suction capacity of 5 m ¥min
or more, consisting of vacuum manifolds, vacuum headers and vacuum pumps, and designed
for service in UF-bearing atmospheres.

(b) Vacuum pumps especiaily designed or prepared for service in UF -bearing atmospheres
and made of or protected by matenais resistant t@ corrosion by UF.. These pumps may use
fluorocarobon seals ana special working tluias.

Special shut-off and control valves

Especially designed or prepared manual or automated shut-off and comntrol bellows vaives
made of or protected by materials resistant to corrosion by UF, wan a diameter of 40 to 1500
mm for installation in main and auxiliary systems of aerodynamic enrichment plants.

UF, mass spectrometers/ion sources

Especially designed or prepared magnetic or quadrupole mass spectrometers capable of
taking ‘on-line' samples of feed, 'product’ or 'tails’, from UF, gas streams and having all of the
following characteristics: .

1. Unit resoiution for mass greater than 320;
2. lon sources constructed of or lined with nichrome or monel or nickel plated;

3. Electron bombardment ionization sources;
4.  Collector system suitable for isotopic analysis.

UF/carrier gas separation systems

Especially designed or prepared process systems for separating UF, from carrier gas
(hydrogen or helium).

EXPLANATORY NOTE

These systems are designed to reducs the UF, content in the carner gas to 1 ppm or less and may incorporate
squipment such as:

(a) Cryogenic heat exchangers and cryoseparators capable of temperatures of - 120 °C or less, or

(o) Cryogenic refrigeranon units capable of temperatures of -120 °C or less, or

(¢)  Separation nozzle or vortex tube units for the separation of UF, from carner gas. or

(d) UF, cold traps capable of temperatures of -20 °C or less.

Especially designed or prepared systems, equipment and components for use in
chemical exchange or ion exchange enrichment plants.

INTRODUCTORY NQOTE

The slight difference in mass between the isotopes of uranium causes small changes in chemical reacuon equilibna that
can be used as a basis for separation of the isotopes. Two processes have been successtully developed: liquid-iquid

chemical exchange and solid-liquid ion exchange.

In the liquid-liquid chemical exchange process, immiscible liquid phases (aqueous and organic) are countercurmanty
contacted lo give the cascading effect of thousands of separauon stages. The aqueous phase conswsts of uranum
chionde in hydrochionc acid solution: the arganic phase consists of an extactant contaning uranium chionda in an
organic solvent. The contactors employed in the separation cascage can be liquid-iiquid exchange columns (such as
puised columns with sieve piates) or liquid centrifugal contactors. Chemical conversans (oxdaton and reducion) are
required at both ends of the saparaton cascade in order to provide for the retiux requirement at each end. A major
desuign concern is to avold contaminagon of the process streams with certain metal ions. Plaste, plaste-lined (induding
use of flucrocarbon polymers) and/or glass-lined columns and piping are theretore used.
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5.6.1.

5.6.2.

5.6.3.

very fast-acting, 1on-exchange resin or adsorbent. A solution of uranium In hydrochionc acid and other chemical agents
IS passad through cylinarical enrichment columns containing packed beds of the adsorbent. For a conbnuous process, a
reflux system is necessary to release the uranium from the adsorbent back into the liquid fiow so that ‘produet and tails'

fegenerated in saparate external arcuits and that may be parnally regenerated within the ISOlopic separaten columns
themseives. The presencs of hot concentrated hydrochloric acid solutions in the Process requires that the equipment be

made of or protected by Special corresion-resistant materials.

Liquid-liquid exchange ¢olumns(Chemical exchange)

Countercurrent liquid-liquid exchange columns having mechanical power input (i.e., pulsed
columns with sieve plates, reciprocating plate columns, and columns with internal turbine
mixers), especially designed or prepared for uranium enrichment using the chemical
exchange process. For corrosion resistance to concentrated hydrochloric acid solutions, these
columns and their internals are made of or protected by suitable plastic materials (such as
fluorocarbon polymers) or glass. The stage residence time of the columns is designed to be
short (30 seconds or less).

Liquid-liquid centrifugal contactors (Chemical exchange)
Liquid-liquid centrifugal contactors especially designed or prepared for uranium enrichment

corrosion resistance to concentrated hydrochloric acid solutions, the contactors are made of
or are lined with suitable plastic materials (such as fluorocarbon polymers) or are lined with
glass. The stage residence time of the centrifugal contactors is designed to be short (30
seconds or less). -

Uranium reduction systems and equipment (Chemical exchange)

(a) Especially designed or prepared electrochemical reduction cells to reduce uranium from
one valence state to another for uranium enrichment using the chemical exchange process.
The cell materials in contact with process solutions must be corrosion resistant to
concentrated hydrochloric acid solutions.

EXPLANATORY NOTE

The call cathodic Compantment must be designed to prevent re~oxidation of uranium to its higher vaience state. To kesp
the uranium in the cathodic comparnment, the csll may have an Impervious diaphragm membrane constructsd of special
caton exchange material. The cathode consists of a suitable solid conductor such as graphite.

(b) Especially designed or prepared Systems at the product end of the cascade for taking
the U~ out of the organic stream, adjusting the acid concentration and feeding to the

electrochemical reduction cells.

EXPLANATORY NOTE

polyphenyl sulfate, polyether sulfone, and resin-impregnated graphite)
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5.6.4.

5.6.5.

5.6.6.

5.6.7.

5.6.8.

Feed preparation systems (Chemical exchange)

Especially designed or prepared systems for producing high-purity uranium chioride feed
solutions for chemical exchange uranium isotope separation plants.

EXPLANATORY NOTE

These systems consist of dissolubion, solvent extracton and/or ion @xchange equipment for punficaton and electrolytc
cells for reducing the uranium U™ or U™ to U*?. These systems produce uranium chlonde solutions having only a few
parts per millien of metallic impunoes such as chromium, iran, vanadium, molybdenum and other bivalent or higher mult-
valent catons ‘daterials of construction for portions of the system processing high-punty U+ include glass, fluorocarbon
polymars, poiyznenyl sulfate or polysther sulfone plaste-lined and resin-impregnated graphits.

Uranium oxidation systems (Chemical exchange)

Especially designed or prepared systems for oxidation of U+ to U+ for return to the uranium
isotope separation cascade in the chemical exchange enrichment process.

EXPLANATORY NOTE

These systems may incorporate equipment such as:

(a) Equipment for contacting chicrine and oxygen with the agueous effiuent from the isctops separation equipment
and extracting the resuitant U™ into the stnpped organic sveam returning from the product end of the cascade,

(b) Equipment that separates water from hydrochloric acid so that the water and the concentrated hydrochloric acid
may be reintroduced to the process at the proper locations.

Fast-reacting ion exchange resins/adsorbents (ion exchange)

Fast-reacting ion-exchange resins or adsorbents especially designed or prepared for uranium
enrichment using the ion exchange process, including porous macroreticular resins, and/or
pellicular structures in which the active chemical exchange groups are limited to a coating on
the surface of an inactive porous support structure, and other composite structures in any
suitable form including particies or fibers. These ion exchange resins/adsorbents have
diameters of 0.2 mm or less and must be chemically resistant to concentrated hydrochloric
acid solutions as well as physically strong enough so as not to degrade in the exchange
columns. The resins/adsorbents are especially designed to achieve very fast uranium isotope
exchange kinetics (exchange rate half-time of less than 10 seccnds) and are capable of
operating at a temperature in the range of 100°C to 200°C.

lon exchange columns (lon exchange)

Cylindrical columns greater than 1000 mm in diameter for containing and supperting packed
beds of ion exchange resin/adsorbent, especially designed or prepared for uranium
enrichment using the ion exchange process. These columns are made of or protected by
materials (such as titanium or fluorocarbon plastics) resistant to corrosion by concentrated
hydrochloric acid solutions and are capable of operating at a temperature in the range of
100°C to 200°C and pressures above 0.7 MPa (102 psia).

lon exchange reflux systems (lon exchange)

(a) Especially designed or prepared chemical or electrochemical reduction systems for
regeneration of the chemical reducing agent(s) used in ion exchange yranium enrichment
cascades.

(b) Especially designed or prepared chemical or electrochemical oxidation systems for
regeneration of the chemical oxidizing agent(s) used in ion exchange uranium enrichment

cascades.
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5.7.1.

5.7.2

3.7.3.

EXPLANATORY NOTE

The Ion excnange enncnment process may use. for sxamoie.
the reducton system wouid regenerats 17~ Ly reduang Ti~
The process may use. for exampie. uvalent iron (Fe™) as an oxeant in wnich case e oxxason system wouid
ragenerats Fe™ ty axaizing Fe*

Uvaent sanium (TT™) as a recuang canen in wnich case

Especially designed or prepared systems, equipment and components for use in laser-
based enrichment plants.
INTRODUCTORY NOTE

Present systams for ennchiment procasses using Iasers fail ints two Calecones: Mesa n which the process medum IS
alomic uranium vapor ana thoss N wmen the process medum is the vapor of a uranum compound. Common
nomenciature for such processes incude; first CALEGOrY - AWMIC vapor (2ser 1BOWoe separabon (AVLIS or SILVA);
Second category - molecular (aser sowmpe separagon (MLUS or MOUS) ana chemical reacson by 1S010pe selectve aser
acavapon (CRISLA). The syswms, equipment and components for laser ennchment plants embrace: (@) devices © fesd

Uranium vaporization systems (AVLIS)

Especially designed or Prepared uranium vaporization systems which comtain high-power strip
or scanning electron beam guns with a delivered power on the target of more than 2.5 kW/cm.

Liquid uranium metal handling systems (AVLIS)

Especiaily designed or prepared liquid metal handling systems for molten uranium or uranium
alloys, consisting of crucibies and cooling equipment for the crucibles.

EXPLANATORY NOTE

The crucibles and other parts of this system that come into contact with molten uranium or ursnium alloys are made of
or protected by materials of suitable corrosion and heat resisunce. Suitable materials include wnwium., ytria~coated

graphite. graphite coated with other rare earth oxides or mixwres thereof,

Uranium metal 'product’ and 'tails’ collector assembliies (AVLIS)

Especially designed or prepared ‘product' and tails’ collector assemblies for uranium metal in
liquid or salid form.

EXPLANATORY NOTE

Lomponents for these assemolies are made af or pratected by matenals resissant o e haat and carresion of uranum
e vapar o iquid (such as yina-coated graphite or ‘antaium) ana may include pipes, valves, fitings, ‘guters’, feed-
troughs, heat exchangers ana coliector platss for magnatc, electostage or Other separabon methods.
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5.7.4.

5.7.5.

5.7.6.

L& g A

5.7.8.

5.7.8.

5.7.10.

Separator module housings (AVLIS)

Especially designed or prepared cylindncal or rectangular vessels for containing the uranium
metal vapor source, the electron ceam gun, and the "product’ and 'tails' collectars.

EXPLANATORY NOTE

These housings have muitiplicity Of corts for elecncal anc wals feed-Nrougns, |aser beam windows. vacuum pumo
~onnecuons and iNSTumMentagcn JIagnosics and monitorng. They nave provisions 1or opening ana cosure 1o ailow

returtishment ot internal companents.

Supersonic expansion nozzles (MLIS)

Especially designed or prepared supersonic expansion nozzles for cooling mixtures of UF,
and carrier gas to 150 K or less and which are corrosion resistant to UF,.

Uranium pentafluoride product collectors (MLIS)
Especially designed or prepared uranium pentafluoride (UF,) solid product collectors

consisting of filter, impact, or cyclone-type collectors, or combinations thereot, and which are
corrosion resistant to the UF /UF, environment.

UF Jcarrier gas compressors (MLIS)

Especially designed or prepared compressors for UF Jcarrier gas mixtures. designed for long
term operation in a UF, environment. The components of these compressors that come into
contact with process gas are mads of or protected by materials resistant to corrosion by UF,.

Rotary shaft seals (MLIS)

Especially designed or prepared rotary shaft seals. with seal feed and seal exhaust
connections, for sealing the snaft connecting the compressor rotor with the driver motor 50 as
1o ensure a reliable seal against out-leakage of process gas or in-leakage of air or seal gas
into the inner chamber of the compressor which is filled with a UF /camer gas mixture.

Fiuorination systems (MLIS)
Especially designed or prepared systems for fiuorinating UF, (solid) to UF, (gas).

EXPLANATCRY NOTE

These sysms are designed to fiucanats Me collecsd UF, powder to UF, for subssquent collection in product
containers or for ranster as feed o MUS units for additional ennchment. in one approach, the flucnnation reacoon may
be accomplished within the isctope separagon system (o raact and recaver directly off the ‘product’ collectors. In another
approach, the UF, powaer may be removed/transtered from the 'product coliectors into a suitable reachan vessel (8.9.,
fuidized-bed reaciar, screw reactor or flame tower) for fluonnaten. In both approacnes. equipment for storage and
sanster of fiuonna (or cther suitable fiuorinating agents) and for collection and transter of UF, are used.

UF, mass spectrometers/ion sources (MUS)

Especially designed or prepared magnetic or quadrupoie mass spectrometers capable of
taking 'on-line’ samples of feed, ‘product’ or ‘tails', from UF, gas streams and having all of the

following charactenstics:
1. Unit resolution for mass greater than 320;
2 lon sources constructed of or lined with nichrome or monel or nickel plated:

.
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5.7.12

5.7.13.

(a

Electron ccmearament ionization scurces:

= Cdllector system sunanle for 1sotogic analysts.

. Feed systems/product ana tails with drawal systems (MLIS)

Z=oecially cesignea or oreoareq crecess svstems cr equioment fer enncnment-plants mace
=1 Or Drotectea by matenais resistam 1c crrosicn Sy UF., incluaing:

‘@) Feedq autociaves. ovens. or systems used fer cassing UF, !2 the enncnment process:

b} Desublimers (or coid traps) usea to remove UF, from tne enncnmem process for
Subsequent transter upon neating;

(¢) Solidificatien or liquetaction stations used te remove UF, from the enncnment process by
cempressing ana convering UF, to a liquid or solid form;

(d) 'Product’ or ‘tails' stations useg for transtemng UF, imo containers.

UF/carrier gas separation systems (MLIS)

Especiaily designed or preparsa process systems for separating UF, from camer gas. The
camer gas may be nitrogen. argon. or other gas.

EXPLANATORY NOTE

These systems may.incorporats equipment such as:

(a) qumuomgmwwmmmummmomza'carrmur
(b)  Cryogsnic retgeration units capanle of temperaturas of -120 °C or less, or

(¢)  UF, cold traps capanle of tamperamres of -20°C or less.

Laser systems (AVLIS, MLIS and CRISLA)

Lasers or laser systems especiaily designed or prepared for the separation of uranum
isotopes.

EXPLANATORY NOTE

The laser system lor the AVLIS process usuaily consists of two lasers: a copper vapor laser and a dye laser. The laser synem
for MLIS usually consists of 3 COx orexcimer |aser and a multi-pass ooucal cell with revolving mirrors at both ends. Lasers
or laser systems for both processes require a spectrum frequency subilizer for operation over exiended pencds of time.
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5.8.

The lasers ana laser components of IMDOMAnce in laser-023ed ennchment processes include the following:

Lasers. .aser amoiifiers. ana osciilalors as tollows:

31 Cusper vaoor jasers with 40W ar greater average culout power cperaiing al wavelenging between 300 nm ana 600 am:

Y1 Argon 100 135ers A I graater 1an =W average oulput Dower coeraung at wavetengins petween 400 nm ana 315 nm:

., MepdvMmILM-GOCES |Cller LTAN 214551 35€rS 3s [oiiows:

11 having 3n oulout Waverengu odtween 100 am ang | {20 nm. oeing puise~excited ana Q-switgned win 3 cuisé

Juration ¢gual Lo Or greater L1an | As. having eitner of the lollowing:
.3) A single-lransverse mode culoul having an average oulpul power exceeaing “OW:
%) A muitiple-transverse mode oulpul having an average outpul power exceeaing J0W:

12} operaung at a waveiengin between 1000 nm ( 100 nm ana incorportating ireauency doubling giving an ouout
wavelengln between 300 nm and 550 nm with 2n average power 2l the doubdled frequency (new wavelengw) of

greater tnan  +0W:

(d) Tunable puisea singie-mode dve osciilators capaole of an average power cutpus of greater than | W. a repeution rale
grester than | kHz. 3 puise less than 100 ns. and a waveiengis berweea 300 nm and 800 am:

(¢) Tunable puised dye laser ampiifiers and oscillators. except single mode oscillators. with an average powsr outpul
of grester than 30 W. a repeution rate greater nan | kHz. 2 pulse width less than 100 ns. and a wavelengua berween

300 nm and 800 nm:

(f) Alexandrite lasers with a bandwidth of 0.005 nm or less, a repetition rats of greater than |25 Hz. and an aversge
power output greater than 30 W operaung a1 wavelengihs berween 720 nm 2nd 800 nm:

(g) Pulsed carbon dioxide lasers with a repetition rate greater than 250 Hz, an average power output of greater than
500 W, and a puise of less than 200 ns opersung at wavelengths betwesn 9000 nm snd 11.000 om:

NB. This specification is not intended to control the highsr power (typically | to 5 kW) industrial CO5 lasers used

in applicaucns such a3 cutting and welding, as thess latter [asers are either conunuous wave or are pulsed

with 2 pulse width more than 200 ns.

(h) Bulsed excimer lasers (Xe¢F. XeCl. KeF) with a repetition rate greater than 250 Mz and an average power output of

greater than 500 W operaung at wavelengins of between 240 and 360 nm:

(i) Para-nvdrogen Raman shifters designed to operate at |6 um output wavelength and at 3 repeuition r3ie preater than

250 Hz.

Especially designed or prepared systems. eguipment ang componemts for use in

plasma separation enrichment plants.
INTRODUCTCRY NOTE

In the plasma separation process. a plasma of uranium ions passes through an elecinic field tuned to the ﬂsU ion resonance
frequency su that they preferenually absorb energy ond increase the diameter of their corkscrew-like orbits. lons with a

large-diometer path are irapped 10 produce a product ¢nnched in :JSU. The plasma, which is made by ionizing uranium vapor,

is comtained in 4 vacuum chamber with 2 high-strength magnete (ield produced by a superconducting magnet. The main

technological systems ot the process include the uranium plasma generation system, the separator module with superconducting

magnet, and metal removal systems for the collection of "product’ and "tails’.
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5.8.1.

5.8.3.

5.8.4.

5.8.5.

s- 8-6.

5.9.

Microwave power sources and antennae

Especiaily designed or prepared microwave pPower sources ana antennae for producing or
acceleraing ions and having the following charactenstics: greater than 30 GHz frequency and
greater than 50 kW mean power output for ion proguction.

len excitation colls

Especiaily designed or prepared radio frequency ion excnation cgis for frequencies ot more
than 100 kHz ana capable or hanaling more than 40 kW mean power.

Uranium plasma generation systems

Especiaily designed or prepared systems for the generation of uranium plasma, which may
comtain high-power strip or scanning electron beam guns with a delivered power on the target
of more than 2.5 kW/cm.

Uquid uranium metal handling systems

Especially designed or prepared liquid metal handling systems for moiten uranum or uranium
alloys, consisting of crucibles and cooling equipment for the crucibles.

EXPLANATORY NOTE

Uranium metal ‘product’ and ‘ails’ Collector agsembiies

Especially designed or Prepared ‘product’ and ‘taits' collector assemblies for uranium metal in
solid form. These collector assembties are made of or protected by materials resistant to the
heat and corrosion of uranium metal vapor, such as yttria-coated graphite or tartaium.

Separator module housings
Cylindrical vessels especially designed or prepared for use in plasma separation enrichment
plants for containing the uranium plasma source, radio-frequency drive coil and the 'product’
and ‘tails' collectors.

EXPLANATORY NOTE

These housings have a muitiplicity of ports for electrical feec-througns, diffusion pump connections and instumentason
diagnesucs ano menitonng. They have pravisions for opening and closwre o aiow for refurbmhment of intemaj
components and are constucted of a suitable Non-magnetic matenal such as staniess seel,

Especially designed or Prepared systems, equipment and components for use in
electromagnetic enrichment plants.

INTRODUCTORY NOTE

T



5.9:1.

5.9.2.

5.9.3.

Electromagnetic isotope separators

Electromagnetic 1sotope separators especially designed or prepared for the separation of
uranium isotopes. and equipment and components therefor, incluging:

(a) lon sources

Especially designed or prepared single or multiple uranium ion scurces consisting of a vapoer
source. ionizer, and beam accelerator. constructed of suitable materials such as graphite.
stainiess steel, or copper, and capable of providing a total ion beam current of 50 mA or

greater.
(b) lon collectors
Collector plates consisting of two or more slits and pockets especially designed or prepared

for collection of enriched and depleted uranium ion beams and constructed of suitable
materials such as graphite or stainless steel.

(c) Vacuum housings

Especially designed or prepared vacuum housings for uranium electromagnetic separators,
constructed of suitable non-magnetic materials such as stainless steel and designed for
operation at pressures of 0.1 Pa or lower.

EXPLANATORY NOTE

The housings are specally designed to contain the ion sources, collector plates and watar-cooled liners and have
provision for diffusion pump connecticns and opening and closure for removal and reinstallation of these components.

(d) Magnet pole pieces
Especially designed or prepared magnet pole pieces having a diameter greater than 2 m

used to maintain a constant magnetic field within an electromagnetic isotope separator andto
transfer the magnetic field between adjoining separators.

High voitage power supplies

Especially designed or prepared high-voltage power supplies for ion sources, having all of the
following characteristics: capable of continuous operation, output voltage of 20,000 V or
greater, output current of 1 A or greater. and voltage regulation of better than 0.01% over a

time period of 8 hours.

Magnet power supplies

Especially designed or prepared high-power, direct current magnet power supplies having all
of the following characteristics: capable of continuously producing a current output of 500 A or
greater at a voltage of 100 V or greater and with a current or voltage regulation better than

0.01% over a period of 8 hours.
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